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Aqueous extractionAbstract Two methods of extraction were used to choose the best procedure for preparing
aqueous extract of doum fruit. The ﬁrst method was by soaking the crushed doum fruit in water
at a ratio of 1:5 (w/v) at ambient temperature (22 ± 2 C) for 4, 8 and 12 h, while the second was
by boiling the crushed doum fruit in water at a ratio of 1:5 (w/v) for 5, 10 and 15 min. The
physic-chemical properties, total phenolic content (TPC), total ﬂavonoid content (TFC), antioxidant
activity (AA %) and phenolic, ﬂavonoid and vitamin B compounds were determined by HPLC. The
preferable extracts by the panellists were those prepared by soaking at ambient temperature (22
± 2 C) for 8 h and by boiling for 10 min. These two aqueous doum fruit extracts were used to pre-
pare four products (drink syrup, jelly and concentrate). All the products were accepted by the panel-
lists. The description of the overall acceptability by the panellists ranged between extremely acceptable
and very much acceptable for all the products except the concentrate produced using the extract pre-
pared by boiling in water for 10 min which was described as moderately acceptable.
 2016 Production and hosting by Elsevier B.V. on behalf of Faculty of Agriculture, Ain Shams
University. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).Introduction
It is becoming increasingly apparent that antioxidants are very
important in health and disease prevention. Therefore, the
interest in food products and supplements as sources of antiox-
idants is growing worldwide (Hsu et al., 2006). The current
focus is towards natural antioxidant especially plant polyphe-
nolics (Katalinic et al., 2006; Eldahshan et al., 2008, 2009).
Bioactive phenols are very interesting as antioxidants because
of their ability to act as efﬁcient free radical scavenging
(Langley-Evans, 2000). In the last two decades, the number
of publications on the potential health beneﬁts of polyphenols,has increased enormously (Tiwari, 2001; Lee et al., 2003;
Hinneburg et al., 2006; Katalinic et al., 2006). The aqueous
extract of doum fruit contains high levels of phenols and ﬂavo-
noids, and possesses signiﬁcant antioxidant and anticancer
activities. This is due to the substantial amount of their
water-soluble phenolic compounds (Hsu et al., 2006).
Doum (Hyphaene thebaica) is one of the commonly con-
sumed traditional beverages in Egypt and is rich in polypheno-
lic compounds. Various factors, such as temperature, solvent
extracting power, extraction time, and extraction method, sig-
niﬁcantly affect the composition of the extract (Ksouri et al.,
2009). The total polyphenol level is signiﬁcantly inﬂuenced
by the nature of the extraction solvent, sonication extraction
time, as well as the interaction between these factors. However,
26 R.A. Aamersolvent extracting power is the most important factor affecting
antioxidant capacity (Falleh et al., 2012).
Previous studies on doum had focused on the fruit because,
besides its nutritional value, the fruit drink brewed from hot
water infusion of the dried fruit pulp is widely consumed as
a health tonic and has been valued in the Turkana region of
Kenya, for its many anecdotal medicinal properties for cen-
turies (Martin, 1999; Cook et al., 2000). The water extract of
doum fruits can reduce hyperlipidaemia in nephrotic syndrome
and leads to decrease the risk of glomerulosclerosis and
atherosclerosis and consequently the natural, safe and non-
toxic H. thebaica fruit could be of great merit for use as
hypolipidaemic drug as found by Habib et al. (2014). The
aqueous extract of H. thebaica is used in the treatment of bil-
harziasis, haematuria, and bleeding especially after child birth
and as haematinic agent (Adaya et al., 1977; Burkill, 1997). It
is also good as hypocholesterolemic agent (Hetta and Yassin,
2006), hypo It is also good as hypocholesterolemic agent
(Hetta and Yassin, 2006), hypolipidemic and haematinic sus-
pensions lipidemic and haematinic suspensions (Kamis et al.,
2003).
According to the previous available studies, few scientiﬁc
evaluations were done concerning the characterization of
aqueous doum fruit (H. thebaica) extract. Thus, the objectives
of the present study were focused on ﬁnding out the best pro-
cedure for preparing an aqueous extract from doum fruits. The
physico-chemical properties, total phenolic content, total ﬂa-
vonoid content, antioxidant activity and the identiﬁcation of
phenolics, ﬂavonoids and vitamins B by HPLC were also stud-
ied. Some doum fruit products including, doum drink, syrup,
jelly and concentrate were produced from doum fruit extract
and were evaluated from the sensorial point of view.
Materials and methods
Materials
Doum fruits (H. thebaica) were purchased from the arid
Aswan desert region of Southern Egypt. Sucrose was pur-
chased from a local market. Pectin, citric acid, potassium sor-
bate, sodium benzoate and caramel colour 9800 (all were of
analytical grade) were purchased from El-Gomhouria Co.,
for Chemical and Medical Requisites, Alexandria. Chemicals
used in HPLC methods were of HPLC grade and purchased
from Sigma Co. Glass jars and bottles were obtained from
Edﬁna Company for Preserved Foods, Alexandria, Egypt.
Methods
Technological methods
Preparation of crushed doum fruits. Doum fruits were washed
by tap water and then were drained. The epicarp (external
part) and the edible portion (mesocarp) were crushed after
scraping from the seed using stainless steel knife. The crushed
portion was stored at 5 C in a refrigerator until processing
and analysis.
Preparation of doum fruit extract. Two methods of extraction
were used for preparing the aqueous extract of doum fruits.
The ﬁrst method was by soaking the crushed doum fruits inwater at a ratio of 1:5 (w/v) at ambient temperature (22
± 2 C) for 4, 8 and 12 h. The second was by boiling the
crushed doum fruits in water at a ratio of 1:5 (w/v) for 5, 10
and 10 min (Fig. 1). Each extract was drained through one
layer of cheese cloth and pressed by hand until obtaining the
free running extract, then the obtained extract was ﬁltered
through a piece of cotton to remove ﬁne particles. The TSS
of the six extracts obtained were increased to reach 15% by
commercial sugar. Then, the sensory properties of the obtained
extracts were assessed by panellists in order to choose the best
extract from each method. The chosen extracts (soaking in
water for 8 h and boiling for 10 min) were used for preparing
drink, syrup, concentrate and jelly (Fig. 2).
Preparation of doum products. Table 1 shows the formulas used
for preparing drink, syrup, concentrate and jelly from doum
fruit extract.
Fig. 2 shows the ﬂow sheet used for preparing drink, syrup,
jelly and concentrate from doum fruit extract.
Chemical methods
The content of total soluble solids (TSS) at 20 C expressed as
Brix was determined using a digital refractometer (Hanna, HI
96811, Germany) as described in AOAC (2003). The pH values
were measured using a digital pH-meter (Hanna, HI 902 m
Germany) as described in AOAC (2003). Total acidity as %
tartaric acid was determined according to the ofﬁcial method
AOAC (2003). Browning index as colour index was estimated
and represented as optical density at 420 nm as described by
Klim and Nagy (1988).Determination of total phenolics, flavonoid contents and
antioxidant activity
The total phenolic content as % tannic acid of the doum fruit
extracts was determined by Folin–Denis reagent according to
the method of Taga et al. (1984). Total ﬂavonoid content
was determined according to the method of Siddhuraju and
Becker (2003). Antioxidant activity was determined by
scavenging the radical 1,1-diphenyl-2-picrylhydrazyl (DPPH)
as described by Tadolini et al. (2000).
Identification of phenolic and flavonoid compounds
HPLC system was used for analysis of the methanolic extract
of doum fruit extracts to identify the phenolic and ﬂavonoid
compounds according to the method of Goupy et al. (1999)
and Mattila et al. (2000), respectively. Ultraviolet (UV) detec-
tor at wavelength 280 nm and quaternary HP pump (series
1100) were used for phenolic compounds, while Ultraviolet
(UV) detector at wavelength 330 nm and quarter HP pump
(series 1050) were used for ﬂavonoid compounds. The column
was Agilent Zerbax ODS C18 column 150  4.5 mm. Temper-
ature was maintained at 35 C. Gradient separation was
carried out with methanol and acetonitrile as mobile phase
at a ﬂow rate of 1 ml/min. Phenolic acids and ﬂavonoid stan-
dards from sigma Co. were dissolved in a mobile phase and
injected into HPLC. Retention time and peak area were used
to calculate the concentration of the previous compounds by
the data analysis of Hewlett-Packared software.
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Fig. 2 Flow sheet for preparing some doum fruit products from the chosen doum fruit extracts.
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Vitamin B complex of doum fruit extracts was determined by
reversed-phase high-performance liquid chromatography (RP-
HPLC) according to the method of Papadoyannis et al. (1997)
with some modiﬁcations. The extract sample (5 g) was macer-
ated in a glass blender containing 5 ml 30% metaphosphate.
The macerate was diluted to 25 ml in a graduated ﬂask with
distilled water. The diluted solution was then ﬁltered through
a 0.45 lm ﬁlter. The ﬁltrate was then injected directly into
the HPLC with the injection volume 10 ll, column (HypersilTM
ODS C18 lm, 100  4.6 mm), temperature 30 C, ﬂow rate
(0.8 ml/min), detector (Ultraviolet detector, wavelength was
set at 280 nm) and a mobile phase of phosphoric acid andmethanol at different time intervals 0, 20 and 25 min in a ratio
of 90:10, 30:70 and 30:70, respectively.
Sensory evaluation of doum fruit products
Colour, taste, odour, texture and overall acceptability of aque-
ous doum fruit extracts (Fig. 1) and also drink, syrup, jelly and
concentrate that were produced from the chosen extracts
(Fig. 2) were assessed by 10 panellists of Food Technol.
Lab., Food Technol. Research Inst., Agriculture research Cen-
ter, of Sabahia, Alexandria, Egypt. Syrup and concentrate
were diluted by tap water to 15% TSS before offering to the
panellists. The panellists were asked to score the above attri-
butes according to a standard hedonic rating scale from 9 (like
Table 1 Recipes of some doum fruit products.
Ingredient Doum fruit products
Drink Syrup Concentrate Jelly
Doum extract (ml) 850 500 5000 400
Sugar (g) 149 410 – 550
Pectin (g) – – – 6
Citric acid (g) 1 2 – 3.9
Potassium sorbate (g) – 0.5 – 0.2
Sodium benzoate (g) – 0.5 – –
Caramel colour (g) – 0.75 – –
Water – 86.25 – 39.9
28 R.A. Aamerextremely) to 1 (dislike extremely) according to Kramer and
Twigg (1973).
Statistical analysis
All data were expressed as mean values ± SD. Statistical anal-
ysis was performed using one way analysis of variance
(ANOVA) followed by Duncan’s Multiple Range Test with
PP 0.05 being considered statistically signiﬁcant using SAS
software program (SAS, 2004).
Results and discussion
Physico chemical properties of doum fruit extracts
Table 2 exhibits the changes in total soluble solids (TSS),
titratable acidity, pH value and colour index during the aque-
ous extraction of doum fruits at different conditions. It can be
noted that TSS increased from 7.5 Brix after 4 h to 8.33 Brix
after 8 and 12 h of extraction by soaking at ambient tempera-
ture. On the other hand, boiling the crushed doum fruit
increased the TSS from 9.33 Brix after 5 min to 11.33 Brix
after 15 min of extraction. These results indicated that boiling
the crushed doum fruit in water was more effective than soak-
ing in water for 12 h. This is because by increasing time or rais-
ing the temperature of extraction may cause extra release of
the soluble solids from the cell walls.Table 2 Physico-chemical properties of doum fruit aqueous extrac
Aqueous extraction methods Time Property
TSS Brix T
Soaking at ambient temperaturea 4 h 7.50B ± 0.30 0
8 h 8.33A ± 0.15 0
12 h 8.33A ± 0.29 0
LSD 0.51 0
Boiling at 100 Cb 5 min 9.33b ± 0.58 0
10 min 10.67a ± 0.58 0
15 min 11.33a ± 0.29 0
LSD 0.998 0
Each value is the mean ± SD.
Means in a column not sharing the same letter are signiﬁcantly different
a Soaking in water at a ratio of 1:5 (w/v) at ambient temperature.
b Boiling in water at a ratio of 1:5 (w/v) at 100 C.Titratable acidity of doum fruit aqueous extract by soaking
at ambient temperature (22 ± 2 C) for 4 h was 0.22% and
was 0.27% by boiling for 5 min. These ﬁgures were slightly
decreased to be 0.18% and 0.23% by soaking for 12 h and
boiling for 15 min, respectively. pH values showed a slight
increase with increasing time of soaking or boiling in water.
Colour index at 420 nm was found to increase from 1.53 to
1.92 and from 1.22 to 1.25 during doum fruit aqueous extrac-
tion by soaking at ambient temperature (22 ± 2 C) for 4 h
and 12 h and by boiling for 5 min and 15 min, respectively.
Statistical analysis showed no signiﬁcant differences
between all the results of the studied physico-chemical proper-
ties during different times of aqueous soaking at ambient tem-
perature, except TSS and pH value after 4 h soaking which had
slight statistical differences comparing with the other times. On
the other hand boiling caused signiﬁcant differences for all
treatments.Total phenolic and flavonoid contents and antioxidant activity
Table 3 shows the changes in total phenolic content (TPC),
total ﬂavonoid content (TFC) and antioxidant activity (AA)
during aqueous extraction of doum fruit by soaking at ambient
temperature (22 ± 2 C) and boiling at 100 C for different
times. In general, increasing soaking time led to an increase
in the TPC, TFC and AA whereas increasing boiling decreased
these parameters.
Increasing the time of soaking at 22 ± 2 C raised the TPC,
TFC and AA % from 32.53 (mg/100 g), 1.59 (mg/100 g) and
37.16 (%) after 4 h to 35.98 (mg/100 g), 3.60 (mg/100 g) and
40.77% after 12 h, respectively. On the other hand, boiling
at 100 C for 5 min caused a reduction in TPC, TFC and
AA from 23.47 (mg/100 g), 3.18 (mg/100 g) and 31.86% to
19.03 (mg/100 g), 2.48 (mg/100 g) and 26.55% after 15 min,
respectively. In general, the highest amount of TPC and
TFC was extracted using soaking procedure at ambient tem-
perature (22 ± 2 C) after 12 h and boiling (100 C) after
5 min. Accordingly, the highest AA % was recorded at the
same conditions. The results indicated that increasing time of
soaking enhances the release of polyphenol and ﬂavonoid con-
stituents from the cell wall but increasing time of boiling to 10ts as affected by time and temperature.
itratable acidity (%) pH value Colour index (420 nm)
.22A ± 0.00 4.80B ± 0.02 1.53A ± 0.03
.21A ± 0.06 4.84A ± 0.01 1.57A ± 0.34
.18A ± 0.01 4.86A ± 0.02 1.92A ± 0.15
.067 0.035 0.39
.27a ± 0.00 4.56b ± 0.01 1.22b ± 0.10
.25b ± 0.01 4.76a ± 0.05 1.23ab ± 0.01
.23c ± 0.01 4.78a ± 0.05 1.25a ± 0.01
.0135 0.0618 0.0176
at P 6 0.05.
Table 3 Effect of aqueous extraction methods on phenols, ﬂavonoids and antioxidant activity of doum fruit extract.
Aqueous extraction method Time Parameters
TPC (mg/100 g) TFC (mg/100 g) AA (%)
Soaking at ambient temperature (22 ± 2 C) 4 h 32.53C ± 0.19 1.59C ± 0.01 37.16C ± 0.01
8 h 34.54B ± 0.18 2.44B ± 0.04 39.24B ± 0.02
12 h 35.98A ± 0.23 3.60A ± 0.06 40.77A ± 0.02
LSD 0.40 0.085 0.033
Boiling at 100 C 5 min 23.47a ± 0.25 3.18a ± 0.03 31.86a ± 0.03
10 min 21.26b ± 0.09 2.68b ± 0.04 28.14b ± 0.03
15 min 19.03 c ± 0.21 2.48c ± 0.02 26.55c ± 0.03
LSD 0.39 0.064 0.067
TPC: Total phenolic content (mg/100 g tannic acid equivalent).
TFC: Total ﬂavonoids content (mg/100 g rutin equivalent).
AA: Antioxidant activity (%).
Each value is the mean ± SD.
Means in a column not sharing the same letter are signiﬁcantly different at P 6 0.05.
Characteristics and use of aqueous doum fruit extract 29and 15 min may cause degradation of these constituents and
decrease their effect of AA %. Makris and Rossiter (2000)
and Buchner et al. (2006) mentioned that ﬂavonoids in aque-
ous solutions show different sensitivity to heat treatment
depending on their structures.
Statistically, the data in Table 3 indicates that signiﬁcant
(P< 0.05) difference in TPC, TFC and AA values was found
among all treatments for both soaking for different time (4, 8
and 12 h) and boiling for different time (5, 10 and 15 min) of
doum fruit.
It is well known that plant phenolic compounds are highly
effective free radical scavengers. The antioxidant activity
increased with the increase in concentration and the consump-
tion of doum plant which would exert several beneﬁcial effects
by the value of its antioxidant and antimicrobial activities
(Mohamed et al., 2010). There are various factors, such as tem-
perature, solvent extracting power, extraction time, and extrac-
tion method which signiﬁcantly affect the composition of the
extract (Ksouri et al., 2009; Aboshora et al., 2014). It is difﬁ-
cult to summarize the evaluation of the antioxidant activity
according to the conditions of heat processes. Too numerous
factors are implied in its evaluation. Decreases in phenol con-
tent do not lead systematically to a decrease of the antioxidant
activity. Indeed, the degradation products of phenolic com-
pounds can also have an antioxidant activity sometimes higher
than the initial phenolic compounds (Buchner et al., 2006;
Murakami et al., 2004). Depending on the interactions
occurred during heat processes, synergies between antioxidant
compounds and the food matrix can occur (Wang et al., 2011).
In some cases, the antioxidant capacity of ﬂavonoids in a food
matrix is enhanced (Freeman et al., 2010), while in other cases,
the antioxidant capacity is reduced (Hidalgo et al., 2010).
Thus, in other studies, antioxidant activity remains constant
(Leitao et al., 2011) or can be decreased (Davidov-Pardo
et al., 2011).
Aboshora et al. (2014) found that doum fruit extracts con-
tain high levels of phenols and ﬂavonoids, and possess signif-
icant antioxidant and antibacterial activities. It is evident
from these ﬁndings that doum fruit can serve as a potential
source of natural antioxidants and antibacterial agents, whichcan help to prevent diseases related to oxidative stress and
pathogenic bacteria.
Identification of phenolic compounds by HPLC
The results in Table 4 show the identiﬁcation and concentra-
tion of 19 phenolic compounds in doum fruit aqueous extracts
and also the effect of time and temperature of extraction pro-
cedures on these compounds. The highest four concentrations
were found to be 3-OH tyrosol, E-vanillic acid, catechin and
chlorogenic acid, while the lowest were of alpha-coumaric
acid, cinnamic acid, p-coumaric acid and coumarin. The effect
of time and temperature of the extraction procedures was more
or less like their effect on TPC. Generally, increasing the time
of soaking procedure at ambient temperature caused an incre-
ment in the concentration of the identiﬁed compounds. On the
other hand, increasing the time of boiling caused a decrement
in the concentration of the identiﬁed compounds (Table 4).
Habib et al. (2014) found that the phytochemical analysis of
the potent water extract of doum fruit indicated the distribu-
tion of 14 polyphenolic compounds. Hayek et al. (1997) and
Nigdikar et al. (1998) mentioned that consumption of polyphe-
nols or catechin is associated with reduced susceptibility of low
density lipoprotein (LDL) to oxidation and aggregation.
Habib et al. (2014) reported that water extract of doum fruits
can reduce hyperlipidaemia in nephritic syndrome and leads to
decrease the risk of glomerulosclerosis and atherosclerosis and
consequently the natural, safe and non-toxic H. thebaica fruit
could be of great merit for use as hypolipidaemic.
Identification of flavonoid compounds by HPLC
The results in Table 5 revealed that HPLC analysis of aqueous
doum fruit extracts showed 11 ﬂavonoid compounds. The
highest concentrations at ambient temperature extraction were
for quercitrin, hesperetin, naringin and rutin compounds that
had 0.317, 0.302, 0.204 and 0.159 mg/100 g after 4 h respec-
tively. This arrangement differed using boiling water extrac-
tion procedure, since the highest concentrations were for
Table 4 Identiﬁcation of phenolic compounds by HPLC in aqueous doum fruit extracts as affected by time and temperature.
Compound (mg/100 g) Aqueous extraction methods
Soaking at ambient temp. (22 ± 2 C) Boiling at 100 C
4 h 8 h 12 h 5 min 10 min 15 min
3-OH tyrosol 3.31 3.43 3.50 3.30 3.44 3.29
Catechin 3.20 3.53 4.95 1.66 0.84 0.79
E-vanillic 3.23 2.42 1.59 2.32 2.46 2.16
Oleuropein 1.44 1.83 1.99 1.84 1.62 1.43
Chlorogenic 2.05 2.44 2.55 2.07 1.93 1.69
p-OH benzoic 1.12 1.28 1.58 1.54 1.74 1.33
Salicylic 0.31 0.32 0.45 0.33 0.31 0.30
Ellagic 0.33 0.37 0.55 0.35 0.39 0.46
Protocatchoic 0.72 0.66 0.91 0.74 0.72 0.71
Caﬀeic 0.35 0.51 0.59 0.55 0.51 0.47
Ferulic 0.77 0.88 0.96 0.84 0.73 0.70
Iso-Ferulic 0.45 0.58 0.59 0.38 0.36 0.23
Vanillic 0.42 0.61 1.17 0.99 1.09 1.27
Coumarin 0.17 0.19 0.27 0.28 0.20 0.165
Resveratrol 0.27 0.27 0.31 0.23 0.23 0.18
alpha-coumaric 0.08 0.09 0.11 0.19 0.18 0.17
3.4.5 Methoxy cinnamic 0.21 0.27 0.34 0.24 0.22 0.20
Cinnamic 0.08 0.08 0.14 0.04 0.04 0.04
p-Coumaric 0.11 0.12 0.13 1.22 0.09 0.08
Table 5 Identiﬁcation of ﬂavonoid compounds by HPLC in aqueous doum fruit extracts as affected by temperature and time.
Compound (mg/100 g) Aqueous extraction methods
Ambient temp. (22 ± 2 C) 100 C
4 h 8 h 12 h 5 min 10 min 15 min
Naringin 0.204 0.290 0.494 0.534 0.463 0.445
Rutin 0.159 0.251 0.543 0.461 0.395 0.385
Hesperidin 0.155 0.271 0.890 0.577 0.347 0.338
Rosmarinic acid 0.106 0.113 0.119 0.114 0.178 0.188
Quercitrin 0.317 0.383 0. 511 0.409 0.406 0.400
Quercetin 0.034 0.054 0.075 0.051 0.073 0.084
Naringenin 0.089 0.136 0.265 0.395 0.332 0.256
Hesperetin 0.302 0.373 0.454 0.350 0.270 0.222
Kaempferol 0.042 0.045 0.051 0.035 0.034 0.031
Apigenin 0.006 0.008 0.016 0.013 0.01 0.009
7-Hydroxy-ﬂavone 0.009 0.011 0.030 0.017 0.012 0.008
Table 6 Identiﬁcation of vitamin B content of aqueous doum fruit extracts as affected by time and temperature.
Aqueous extraction methods Time Vitamin (mg/100 g)
Thiamin B1 Riboﬂavin B2 Niacin B3 Pyrodoxine B6 Folic acid B9
Soaking at ambient (22 ± 2 C) 4 h 2.01 1.88 13.17 7.13 1.72
8 h 2.02 1.78 12.52 6.90 1.29
12 h 2.75 1.36 8.40 5.90 0.66
Boiling at 100 C 5 min 3.10 3.47 8.79 5.12 1.84
10 min 1.99 3.18 6.77 3.07 1.65
15 min 1.95 2.91 5.63 2.65 1.45
30 R.A. Aamerhesperidin, naringin, rutin and ﬁnally quercitrin, being, at 5 h,
0.577, 0.534, 0.461 and 0.409 mg/100 g, respectively. Increas-
ing time of extraction at ambient temperature caused a highraise in concentration of all the identiﬁed compounds while
boiling in water procedure caused a pronounced reduction
except in rosmarinic acid and quercetin compound that were
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Fig. 3 Sensory evaluation of prepared doum fruit drink
obtained from extraction of soaking at ambient temp. (22
± 2 C).
Table 7 Sensory evaluation of doum fruit extract products.
Product Treatment Sensory properties
Colour Odour Taste Appearance Overall acceptability
Drink 1 8.40a ± 0.80 7.90a ± 1.14 7.86a ± 0.83 8.04a ± 1.10 8.22a ± 0.98
2 8.18a ± 0.87 8.00a ± 1.34 7.68a ± 1.30 7.90a ± 1.10 8.045a ± 1.10
Syrup 3 8.77a ± 1.126 8.04a ± 0.96 8.00a ± 1.34 8.54a ± 1.12 8.54a ± 1.03
4 8.68a ± 1.03 8.09a ± 1.02 7.72a ± 1.27 8.27a ± 1.00 8.09a ± 0.97
Jelly 5 8.50a ± 1.31 8.08a ± 1.78 7.91a ± 1.37 8.58a ± 1.24 8.50a ± 1.00
6 8.41a ± 0.99 7.91a ± 1.83 8.25a ± 1.14 8.41a ± 0.99 8.50a ± 1.00
Concentrate 7 8.83a ± 1.02 7.83a ± 0.57 8.00a ± 1.81 8.25a ± 1.28 8.08a ± 1.73
8 7.91a ± 1.31 7.58a ± 1.24 7.08a ± 1.78 7.75a ± 1.48 7.33a ± 1.72
Characteristics and use of aqueous doum fruit extract 31relatively increased. Makris and Rossiter (2000) and Buchner
et al. (2006) reported that ﬂavonoids in aqueous solutions
showed different sensitivity to heat treatment depending on
their structures.
Identification of vitamin B content by HPLC
The results found by Aboshora et al. (2014) and Aamer (2015)
showed that doum fruits are good source of vitamin B-
complex. Therefore, some vitamin B (B1, B2, B3, B6 and B9)
content of aqueous doum fruits extracts was determined by
HPLC. All the determined vitamins were reduced during the
two aqueous doum fruit procedures extraction used, except
B1 that was slightly increased by increasing soaking time in
water at ambient temperature (Table 6). Increasing the time
of soaking and boiling caused a pronounced reduction in the
previous vitamins. The highest reduction during soaking was
in folic acid followed by niacin (B3), riboﬂavin (B2), then pyro-
doxine (B6), while during boiling, the highest reduction was in
pyrodoxine (B6) followed by thiamin (B1), niacin (B3), folic
acid and riboﬂavin (B2). Some of the reported losses in the
B-group of vitamins are inconsistent because of differences
in the heat ability of the vitamins (Hentschel, 1969). It is wellknown that vitamin B2 has been considered the most heat
stable constituent of the vitamin B-complex (Finglas and
Faulks, 1985).
The reduction in vitamins B that was recorded during soak-
ing and boiling time of aqueous doum fruit extraction in the
present study is in agreement with earlier observation of
Phillips et al. (1983), Uzogara et al. (1992), Waters et al.
(1993) and Prinyawiwatkul et al. (1997) during studies on cow-
peas and Fadahunsi (2009) during studies on Bambara
groundnut.
From the previous data and discussion, it can be concluded
that the aqueous extraction of doum fruit by soaking at
ambient temperature (22 ± 2 C) had the best values of
physico-chemical properties after 8 h, while the best values of
TPC, TFC (mg/100 g) and AA % were obtained after 12 h.
The highest content of identiﬁed phenolic, ﬂavonoid and
vitamin B compounds by HPLC was obtained after 12, 8 h.
On the other hand, extraction by boiling led to the best
physico-chemical properties after 10 min, while boiling for
5 min led to the highest values of all the previously mentioned
compounds. This denoted that it was difﬁcult to select the
procedure of extraction. Therefore, sensory evaluation was
chosen for the selection of procedure.
Sensory evaluation
Sensory evaluation of doum fruit extracts
To decide the best method of extraction, the TSS of all the pre-
viously resulted extracts were increased to 15% by commercial
sugar before the sensory evaluation for the procedure.
The data in Fig. 3 represent the mean scores of colour,
odour, taste, appearance and overall acceptability of the pre-
pared doum fruit drink obtained by soaking doum fruits at
ambient temperature for 4, 8 and 12 h. The preferable extract
was the aqueous doum fruit extract obtained by soaking for
8 h at ambient temperature. All the organoleptic properties
were described as very acceptable or extremely acceptable.
Decreasing or increasing time of soaking to 4 and 12 h, reduces
the description to very or moderately acceptable.
The data in Fig. 4 represent the mean scores of colour,
odour, taste, appearance and overall acceptability of the pre-
pared doum fruit drink obtained by boiling doum fruit in
water for 5, 10 and 15 min. The data revealed that panellists
preferred the drink prepared by boiling doum fruit for
10 min. All the attributes were described as very acceptable
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Fig. 4 Sensory evaluation of prepared doum fruit drink
obtained from extraction boiling.
Fig. 5 Appearance of doum fruit extract products. 1 – Doum
drinks product extraction by soaking for 8 h in water at ambient
temperature. 2 – Doum drink product extraction by boiling in
water for 10 min. 3 – Doum syrup product extraction by soaking
for 8 h in water at ambient temperature. 4 – Doum syrup product
extraction by boiling in water for 10 min. 5 – Doum jelly product
extraction by soaking for 8 h in water at ambient temperature. 6 –
Doum jelly product extraction by boiling in water for 10 min. 7 –
Doum concentrate product extraction by soaking for 8 h in water
at ambient temperature. 8 – Doum concentrate product extraction
by boiling in water for 10 min.
32 R.A. Aamerand extremely acceptable. Also, little signiﬁcant differences in
most of the attributes were noted between the three times of
extraction (5, 10 and 15 min).
Sensory evaluation of doum fruit products
The chosen two methods of aqueous doum fruit extraction
(soaking for 8 h and boiling for 10 min) as mentioned were
used to prepare four products (drink, syrup, jelly and concen-
trate). Colour, odour, taste, appearance and overall acceptabil-
ity of the four products are illustrated in Table 7. Generally, all
the products were accepted by the panellists. The description
of the overall acceptability by the panellists ranged between
extremely acceptable and very much acceptable for all the
products except in the concentrate produced by boiling in
water for 10 min which was described as moderately accept-
able. Statistically, there are no signiﬁcant differences in all
the sensory attributes of the products between the two
methods of extraction. Fig. 5 illustrates the forms of products
manufactured from the best aqueous doum fruit extract.Acknowledgements
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